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ABSTRACT Mevolonic acidisa productof rats,and no evidenceofteratogenicactivltvinratsat
the enzyme HMG-COA reductosewhich isessen- opsesup to 36 ,/-k-g/Zay- W-aTZo'
tialforcholesterolbiosynthesis.Fluvastatin(Son- m /k

mi or r@bvi ses up to 10
,&IL/da unpu a . owever,inZ(R.V. II

doz compound XU 62-320)isa potentinhibitorof a perinatal/postn study (Segment 111),12 and 24
thisenzyme and, hence, mevolonicacidproduc- mg/kg/dayoffluvastatinadministeredtopregnantrats
tion.Inthreeseparatestudies,oraladministration from day 15 pc (postcoitus)through weaning resulted
of fluvastatinat 12 and 24 mg/kg/day tomated inmaternal mortalityator near tem and duringthefromdav I rough weanino re- ppo artu@nrats :)tqestatio-n-th

@r'oT-Tsi-s ri@qr@@iity..--r i in asuitedi nticiated maternalmortalityat the subsequent follow-upstudy, and scopi tissuetime at arturitionand during lactation.Micro-
-urrenc r io qp# yscopicevn,int*nnpertormedin twostudiesre- only in t animals. No cardiac i)atholo was

veoled significantcardiac myopothy in the d ing etected in nonpregnant animal-s in
, --.-gy-m--

animals. Drua-related clini siqns-significonfm-n_ ?Iuvas tin.As inprevious rat studies(Stolletal.,'88)/'-,
ternalbody weigwt lots,and an increaseimgillborn Forestomach epit e ia ype la is and h erkeratosis
pups and neonatal mortalitywere also noted at ;eref-ound. These have been shown to be spec ic
one or b-o-m-cFo-seI!egy&13.Supplementation of fluv- r-oaents-andto be a resultof contact i itation y Nu--
astatinadministrationwith ;)vwmq/Kq D.i.c.at me- vastatin(Robison et aF 94).
volonic acid completely blocked and/or (@-m-erio- @Coadministration of mevalonic acid.the immediate

t)/ ro-t-e7Er-tRe--moa

'

i , car ioc my (3-th-hv-,o-n-&-oTF7eer product of the en-z-yffi-e-H?AG---Co@@-ducta 'I@as-b@e-n
oJv-e-rs-e-e-ffe-cts.ihese stud ies-indicote tha-t-tFe--oT- shown toprevent or antagonize various organ @@Z3c-fii'is
verse motemal effects observe with uvastatin intiiice-in ra d rabbitg with ther HMG-COA re-
be-ror-e-or7o7io-,,ing-parturitionresulted rom exag-

uctaseinhibitors(MacD)nald eta] etgerated phormacolo t*vi'tvat the dose levels al.,'89).ln pregnant rats,ithas been shown that 500-clicac i

--Tthee-nz m valonic acid supp-re-ss-L47Fe--EFr-a-@g-e-
administered,i.e.,inhibitiana ___.y e -HMG- -mj-/S-@-@val@on
(Lo-A-re-@u-ct-@se,itlimmediote product mevolon-ic nici@yof mevinolinic -a-c-iT,an inhibitor of HIWG-RUA
acia, and 4-hol,-arr-ol-biosynthesis.

reductase-mth--a -i-(Fpr-10F toa@n ap@pr-Txi-ah=--Tminister
t 1994W-,IeT-L.-ss,-Inc. mately 5 hr afte nistraE-vi7noli-t@l@-aiidQn-of r--v',n-.

tal.,'83).Since fluvastatin isan inhbfit@orof

Fluvastatin (Sandoz compound XU 62-320) is a syn- the erniz e H -CoK-re-d-u-ctas-ean-d-ffi-e-r-eTCre--oT-me-

theticpotent inhibitorof hydroxymethylglutaryl coen- va onic acid 2roduction a relationship was ctnsid@ered
+ --,-enth rate c activ-ne ee !eor T@-zyme A (HMG-CoA) reductase,the rate-limitingen- c@ro-im_ p@ actint

iiy ass @cia-ted-2@wi@7G A r3ductas@7i@ibiiion yzyme in cholesterolbiosynthesis (Engstrom et al.,188;
f ruv-a-s-ta

.
n tind the occurrence or Ea-5Fn-aT fn-oFElfiyKathawala etal.,'88:Kathawala,'91). Admini n

and/or cardi-a-c-Te-si-o-n-s.-TEes-tudy reported hetrEegal-w-m-of fluvastatinin rats do s.an mon - ind=u-aig-
e&-to-de-Eer-mine wheth-er--c-o-a-d@@ini@st@a-iionof me-nificantreductii serum totalcholesterol,low-den-

sity ipoproteincholesterol,an serumtriglycen e ev-
eTs-(,I;n trom eettaallu-@W.@T-Du-n@ng@e e@t@ya ssment
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luvas:tati@n,nonclinical studies were performed to
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TABLE 1.Dailydosingschedule

Second doseadministration ThirddoseadministrationGroup Firstdoseadministration (approx.1/2hr.afterfirstdose) (approx.5 hr.afterseconddoseiI DeionizedH20 1% cmc DeionizedH2
0

ii Mevalonicacid500 mg/kg 1% cmc MevalonicaCd 500 ing/kgiri Mevalonicacid500 mg/kg Fluvastatin12 mg/kg/day Mevalonicacid500 mg/kgIV Mevalonicacid500 mg/kg Fluvastatin24mg/kg/day Mevalonicacid500 mg/kgv
Fluva3tatin12mg/kg/dayvi Fluvastatin24 mg/kg/day

valonicacidwith fluvastatinfrom_dqgyr_lLo5ofgestation
liver).Followingdelivery(day0 pp)through weaningtg--Mu Zh day 21 _postidartumcouldinhibitor,blockthe
(day21 pp),the dose calculationswere based on theadverseeffectznote(iwith fluvastatin.
most recentlyrecordedbody weight.Controlrats re-
ceivedthreeseparatedoses:10 mi/kg b.i.d.ofdeionized?4ATERIALS AND METHODS
water and 10 ml/kg/day of 1% CMC, alsobased on theAn,-als
same body weight schedulesas in the dosegroups.Con-

One hundred twenty femalerats(CharlesRiverCI)O- centrationsof the dosing solutionswere assayed and
Sprague-Dawley-derived)obtainedfrom CharlesRiver verifiedfourtimes during the study.
Breeding Laboratories,Inc.,Kingston,New York,were

Exaniinationsapproximately 14 wk old at the startof the study.A
group ofmales ofthe same strainand age,and from the

Individualclinicalobservationswere recordedatsame supplier,was used formating,duringwhich each leastoncedaily.Body weights were recordedon days 0,
female was housed with one male.Observationofvag- 7,and dailyfrom days 15 through 20 of pregnancy.
inalplugs the followingmorning was consideredevi- Aftereach animal delivered,maternal body weights
dence ofmating and day 0 ofgestationor day 0 post were recordedon days 0, 7, 14,and 21 pp.Food con-coitus(pc).The day on which pups were born was des-

sumption was recordedonly during gestationon days 0,ignatedday 0 postpartum (pp),whileday 21 pp was the 7,15,and 20 PC.
day ofweaning. As the femaleswere mated,they were

Followingdeliveryofeach litter,viability,clinicalrandomly assignedtosixgroupsuntil20 ratsper group signs,and externalexaminationsof pups were re-
were mated. Aftermating, femaleswere housed indi- cordedon days 0 pp through 21 pp.The sexand indi-
viduallyinsuspended stainlesssteelwire-bottomcages vidualweightsofallviablepups were recordedon days
ina temperatureand humiditycontrolledroom with a 0, 1,4, 7,14,and 21 pp.Pups stillbornor found dead12-hrlightand 12-hrdark cycle.On day 20 ofgestation,

duringthepostpartum periodand not autolyzedor can-the ratswere transferredtotransparentplasticcages
nibalizedwere examined, identified,and preserved inwith bedding consistingofhardwood chips.Certified
neutralbuffered10% formalin.Dams dying spontane-Purina rodentchow (pellets)and water (providedvia ouslyorsacrificedmoribund were necropsied.Animals

automaticwatering device)were suppliedad libitum. which didnot deliverwere necropsiedon day 28 pc.On
day 21 pp,allremaining dams and pups were eutha-Compounds administered
nized,necropsied,and examined. Pups with lesionsas

Lot 28 offluvastatin(XU 62-320)was used in this wellas severalcontrolgroup pups were identifiedand
experiment.Puritywas determinedby thin-layerchro- savedinneutralbuffered10% forinalin.Allotherpups
matography (TLC) and high-performanceliquidchro. were discarded.
matography (HPLC) to be 99+ %. DL-mevalonic acid

Post mortem examinationslactonewas obtained from Fluka Chemical Corp.
(Ronkonkoma, NY), and Puritywas foundtobe 96 + %

Followinginductionofdeep surgicalanesthesiaus
ing excessC02, animals were euthanizedby severing

asdete.mined b HPLC.y

Dosage administration theaxillaryvesselsforexsanguination.Terminal body
weightwas recordedforeach dam and a thorough dis-

Dosing solutionsoffluvastatinwere preparedfresh sectionwas performedon allsurvivingdarn atwean-
dailyin 1% carboxymethylcellulose(CMC). Mevalonic ing(day21 pp).Allgrosslesionsand approximately40acidwas preparedfreshtwicedailyindeionizedwater.

representativetissuespecimens were collectedand pre-Individualanimal doseswere calculatedand adminis-
servedin neutralbufrered10% fonnalin.tereddaily(tofemalesonly)viagavage from day 15 of
Spontaneouslydying animals were dissectedand agestationthrough day 21 postpartum ata volume of10

completesetoftissuespecimens,includingthe gravidmllkg (Table1).Dose calculationswere based on the
reproductivetracts,were collectedand preserved.Non-dailybody weight from day 15 ofgestationuntildeliv-
pregnant animals were sacrificedon day 28 pc.Sinceery (orday 28 pc forthoseanimals which didnot de-
thetreatment-relatedcardiacrindingsoccurredonlyin
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TABLE 2.Cause ofdeathofspontaneouslydyinganimals

Totalnumber Pregnantfemales Pregnant Nonpregnantoffemales thatdied females femalesthatdied beforedelivery thatdied dyingduringDose group onstudy an day 22 pc postpartum experiment
I Control 0 0 0IIMevalonicacid500 mg/kg 2 0 1 (sac.moribundday 1 pp)" 1 (day26 pc)s
IIIFluvastatin12 mg/kg, 1 0 0 1 (day18pc)"mevalonicacid500 mg/kg
IV Fluvastatin24 mg/kg, 2 0 0 1 (day19 pc)3mevalonicacid500 mg/kg 1 (electivesac.day 15 pc)--
V Fluvastatin12 mglkg 3 1(day4 pp)l 0

1(day13pp)'
VI Fluvastatin24 mg/lcg 8 12 1 (day2 pp)2 01 (day5 pp)2

I (day6 pp)2
2( lay10 pp)2
1 (day12pp)2
1 (day14pp)2

'Causecouldnotbe determined.
2Heartlesion(vacuolardegeneration,and/ormyocarditisprobablyrelatedtodeath).
3Intubationaccident@lesionsseenby grow ormicroscopicexamination.
"Intubationaccidentbasedon clinicalobservationsand grossormicroscopicexamination.
'Possibleintubationa=ident,althoughmicroscopicfindingswere notconclusive.
''Intubationaccidentbasedon clinicalobservations,althoughmicroscopicfindingswerenotconclusive.
'Broken,malalignedincisors;animalinpoorhealth.

pregnantanimals,data from thenonpregnantanimals inutero.Othersdiedwithinthefirst2 wk postpartum.
were consideredseparately. The causeofdeathofthe 8 animalsadministeredflu-
Based on resultsfrom previousstudies,microscopic vastatinat24mg/kg/daywas ivlatedtothepresenceof

evaluationswere limitedtothe heartsand stomachs cardiomyopathycharacterizedby hyaline,granularor
from allanimals.For spontaneouslydyingoranimals vacuolardegeneration,and/ormyocarditis(Fig.2-5).
sacrificedmoribund, the tissueevaluationincluded The causeofdeathofthe 2 ratsadministeredfluvas-
grosslesions,lungs,trachea,thymus with mecliasti-tatinat 12 mg/kgldaycouldnotbe determined.
num, and liver. Necropsyexaminationofthe 2 animalsthatdiedon

Statisticalanalysis day 22 ofgestationrevealeddead,morphologicallynor-
mal full-termfetusesin the uterus,indicatingthat

Allstatisticalevaluationsof data compared treat- theywere probablyaliveup tothetime ofthedam's
ment groupswithcontrolsatP:SO.05and P:50.01levels death.Furthermore,drug-relatedclinicalobservations
of significance,with a two-tailedanalysis.Maternal were seen in the 24 mgtkg/dayfluvastatinanimal
body weight,durationofgestation,number ofpups de- which includeddecreasedlocomotoractivity(ondays
livered,livepupsper litter,pup weight,and implanta- 20 and 21 pc),splayed(extended)hindlimbs,tremors,
tionsiteswere evaluatedby analysisof variance ataxia,laboredbreathing,salivation,lacrimal-on,and
(ANOVA) followedby Dunnett'sTest.FisheesExact disorientationon day 21 pc.Similarsignswere seen in
Testwas used toevaluatematernalfertilityand repro- the 12 mg/kg/dayanimalon day 22 pc priortodeath.
ductiveperformance,numbers ofdead pups,and sex Otheranimalsfrom the 12 and/or24 mg/kg/dayflu-
ratio,as wellas neonatalnecropsyexaminationdata. vastatingroups alsoexhibitedvariousdrug-related
Maternal terminalbody weightswere evaluatedby a clinicalsignsincludingataxia,impairment/lossof
one-way ANOVA followedbyDuncan'sMultipleRange rightingreflex,decreasedlocomotoractivity,hunched
Test. or flattenedbody position,splayed(extended)hind

RESULTS limbs,ptosis,tremors,disorientation,laboredbreath-
ing,skinpallor,and dehydration.Maternal mortalityand clinicalobservations

Drug-relatedmaternalmortalityoccurredinanimals Maternal body weight and food consumption
receiving12 and 24 mglkg/dayoffluvastatinwhere 2 No treatment-relateddifferencesinmaternal body
outof17 and 8 outof17 pregnantanimals,respectively,weightgainwere notedduringgestationdays 15-20,
diedorwere sacrificedmoribund (Table2).One animal the initialperiodof administrationof fluvastatin
from each ofthesegroups diedon day 22 ofgestation and/ormevalonicacid(Table3).During thefirst7 days
withoutcompletingdeliverybuthad full-termfetuses afterdelivery,a transient,statisticallysignificantma-

p
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mglkgtday doseleveloffluvastatinsupplemented withW,
mevalonicacid.During thenext 7 days (days-s-14pp).
a body weightgain was evidentinallgroups.However,
consideringthe first2 wk postpartum (days0-14),an
overallbody weight losswas neverthelessapparent in
the 2 fluvastatingroups(Table3).
Subsequently,during days 14-21 pp,a slightmater.

I nal body weight losswas observedin allgroupsinclud-
ing controls.Maternal weight 16'-,sis not uncommon
duringthistime periodand isprobablydue toa greater
nutritionaldemand on the dams resultingfrom in-
creasedlactation,combined with more ingestionoffeed

0-1 by thepups and thereforelessby the dams. Although
not statisticallysignificant,a slightdecreasein food
consumption ofapproximately 11% was evidentduring
thetreatmentperiodfrom days 15-20 ofgestationin
bothgroups administered24 mg/kg/day offluvastatin,
with and withoutmevalonic acid(Table3).

Fertilityand reproductive performance

No remarkablevariationinpregnancyrateoccurred
among the groups.Consideringthe mean lengthofthe
gestationperiodofthoseanimals completingdelivery,
there was no treatment-relatedvariationamong
groups(Table4).A slightlylowergestationindex in

Fig.S. 24 mgikg-death on day 14 pp.Insome high-doseanini&6 Group VI (fluvastainat24 mg/kg/day)reflectstheone
dyinginthelaterpostpartumperiod.myocardiallesionsencountered animalwhich had no viablepups,5 stillbornpups,and
were oftenmore complex.frequentlycharacterizedby areasofmyo- 7 deadpups ofunknown viabilitystatusatbirth.
fiberdisintegrationaccompaniedby irdlammatoryinfiltratesand in-
terstitialedema.The afrectedareasrangedfromlimitedtowidespread.
Not seenin earliermyocardiallesionswas theoccurrenceofconspic- Postnatal litterdata
uouscytoplasmicvacuolizationillustratedinthisfigure(x 400).

The mean number oflivebornpupswas lowerinboth
groupsadministeredfluvastatinalone(GroupsV and

ternalbody weight lossof5% and 9% was apparentin VI)when compared to-oncurrentcontrols(Table5).Am
the 12 and 24 mg/kg.;dayfluvastatindose groups,re- increasedincidenceofstillbornpups occurredinthe 12
spectively,compared toa 4% gain incontrols.A 2% and 24 mg/kg/dayfluvastatinGroup V (7%)and Group
body weight lossoccurredin animals receivingthe 24 VI (22%),compared toa range of2-3% incontrolsand

Groups II,III,and IV.There was no evidencetosuggest
any remarkable increaseinin uteropostimplantation

Fig. 1. Controlanimal: @-picalappearanceofnontreatedcontrol embryo/fetalmortality(i.e.,earlyor lateresorptions)
myocardialtissuetx 200:.

inany ofthegroups,eitherbeforeorafterinitiationof
Fig. 2. 24 mgikg: death on day 21 pc beforedelivery.An example fluvastatinand/ormevalonic acidadministration(Ta-

illustratingthe significantbut focalnatureof myocardialhyaline ble 5).Neonatal mortalityof 15% and 56% was ob-
degeneration.interstitialedema. and evidenceofactualmyoriberlose servedthroughweaning in both 12 and 24 mg/kg/dayencounteredindying high-doseanimals.Lesionsofthistype(lefthalf

nuvastatin Groups V and VI, respectively(Table5),ofillustration)were detectedonlyinanimalsdyingduringdeliveryor
immediatelypostpartum.The -ryocardiumin the righthalfofthis with a statisticallysignificantincreasenotedat 8-14
illustrationisunaffected ( 200 days pos''Partum inGroup V and as earlyas 1-4 days

Fig.3. 24 mg/kg:death on day 22 pc beforedelivery.Discretearea postpartum inGroup VI.Although theoverallneona-
ofsignificantmyocardialnecrosiswith mononuclearphagocytic infil- ta mortalityin Group IV (24 mg/kg/day fluvastatin
tration. Affected myofibers have undergone granular degeneration. supplemented with mevalonic acid)was alsostatisti-
Adjacent myofibers are normal. Niultiple foci of this type were seen callysignificant,itwas minimal.
elsewhere in the myocardium of this animal ix 200). Drug-relatedlowerbirthweights as wellas lower

Fig. 4. 24 mg,kg- sacr@ilced noribund on day lopp.conspicuousneonatalbody weightsduringthelactationperiodwere
myoriber cytoplasmic vacuolization was frequently noted in animals evidentinboth 24 mg/kg/day nuvastatindosegroups,
dying later in the postpa:-turn period. These cvtoplasmic alterations withand withoutmevalonicacidsupplementation.
were unaccompanied by ir.,"Ilaminationor other evidence of myoriber

The most prominent neonatal clinicalobservationsdegeneration. The distribution of affected fibers ranged from limited

areas to widespread regions or rnyocardium. The vacuoles themselves occurredin Group VI (24 mg/kg/day offluvastatin)
were found to be devoid a,- a- o, glycogen 4001. where severallitters,whose dams were adverselyaf-
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TABLE 3. Percent body weight change and relative food cOnsummPtiOn cosupared to controls

Group 1 17 ni rv v viControl Mevalonic Acid Fluvastatin+ Mevalonic Acid Fluvastatin
12 mg/kg/day 24 mg/kg/day

0 500 mg/kg 500 mg/kg 500 mg/kg 12 24mg/kg/day b.i.d. b.i.d. b.i.d. mg/kg/day mg/kg/dav
% body weight change:
days 15-20 pc 18 is 18 16. 16 160-7 pp 4 3 2 -2 -5* -go

0-14 pp 8 4 4 2 -1** -3*7-14 pp 4 1 2 4 4 114-21 pp -5 -3 -4 -3 -3 -1Relativefoodconsumption:
davs 15-20 pc 100% 100% 96% 89% 93% 89%
*p :s0.01.
**P :s0.05.

TA13LE 4.FertiHtyand reproductive perfornlance

Group I n m rv v vi
Control Mevalonic Acid Fluvastatin+ MevalonicAcid Fluvastatin

Y2-mg/kgtday 24 mg/kg/day

0 500 mg/kg 500 mi/kg 500 mg/kg 12 24mg(kg/day b.i.d. b.i.d. b.i.d. rng/kg/day mg/kg/day
No. ofanimals mated/group 20 20 20 20 20 20# Pregnant 18 17 15 18 17 17Pregnancy rate' 90% 85% 75% 90% 85% 85%GestationindeX2 100% 100% 100% 100% 100% 94%No. ofanimals
completingdelivery 18 163 15 18 16 16Mean lengthgestationof
animals completing
delivery(days) 21.9 21.8 22.0 21.7 22.1 22.2Range(days) 21-22 21-22 22 21-22 22-23 21-23

'Percent
mat inp resultingin pregnancy;includesanimalswhich died.

2Percentpregnanciesresultinginlitterswith one or more viableofrspring-.does not includeanimals which died.3
Does not includeone anirn-qlwhich delivered4 stillborn,4 dead,and 6 viablepups,but was sacrificedina moribund condition
on day I pp followinga probableintubationaccidenton day 22 pc.

TABLE 5.Neonatal littersizeand mortality

Group Control u III IV v vi
Mean no.ofpups delivered 15.4 16.1 17.1 15.6 13.6 14.9Mean no.oflivebornpups 15.1 15.9 16.7 15.2 12.6 11.1*Mean no.ofimplantationsites 16.4 17.3 18.2 16.7 15.2 16.3In uteropostimplantationloss 6.1% 6.9% 6.0% 6.6c,', 10.5% 8.6%Overallneonatalmortalitythroughweaning 3% 5% 6% 7%** 15%* 56%*
*P:s 0.01.
**p :s0.05.

fected,had pups which appeared pale,thin, weak, Macroscopic and microscopic evaluation of
andtor dehydrated. Necropsy examination of pups spontaneously dying anirnsal
which were found dead during the lactationperiod,or No macroscopic evidence oftreatment-relatedeffects
were culledpriortoweaning, showed thatboth groups was noted other than the anticipatedforeowmach
administeredfluvastatinalone(Group V and VI) had a thickeningpresentin 2 of3 and 7 of8 animals from the
higher incidenceof pups without milk visiblein the 12 and 24 mg/kglday fluvastatingroups,respectively.
stomach.

which diedor were sacrificedmoribund.
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TABLE 6.Time and incidenceoftreatinent-relatedmaternalmortalityI

Study Segment III Segment IIIfollow-up Segment M mevalonate supplementation

Fluvastatin Fluvastatin
Fluvastatin Fluvastatin MEV + MEV - MEV Fluvastatin

Dose Img/kg) 2 12 24 2 6 12 24 @00 12 + 500 24 - 500 12 24

Day 15-21 pc 2 2
0 pp - 22 pc 2 4 4 1 1
23 pc 1 1
1-4 pp 1 2 1 1
5-15 pp 1 6 1 3 6

'To facilitatesimultaneouspresentationofdata,thecontrolgroups(allnegative)were omitted.

Microscopicfindingsconsistedof a varietyof myo- plasticlesions.The hyperplasia ranged from mild to

cardiallesionsinalldying Group VI (fluvastatinat24- moderate in degree.In the absence ofspecificquanti-

mg/kg/day) animals. The cardiomyopathy was charac- tativemeasurements, there appeared tobe correlation,
terizedby focalmyocarditis and lesionsofmyofiber hy- with greater degrees ofhyperplasiaseen at the higher
aline,granular and vacuolardegeneration(Table 2). dosesof fluvastatinin Groups IV and VI (24 mg/kg/
These findingswere consideredtreatment-relatedand day)compared tothe responseseen inGroups M and V
imilartothose seen ina previousstudy inpregnant or (12mg/kg/day).There did appear tobe a lesserdegree

lactatinganimals dying during or afterparturition. ofhyperplasia/hyperkeratosisin the animals adminis-
Two types ofmyocardial lesionswere detectedmicro- teredmevalonate and 12 mg/kg/day fluvastatin(Group

scopically.In animals dying at and within a few days M) compared to the low dose of fluvastatinalone
afterparturition,the lesionswere characterizedby hy- (Group V).

'bersac- Histologicalevidence offluvastatin-inducedmyocar-alinedegeneration of isolatedgroups ofmyofi
companied by slightinterstitialedema and hemor- dialfiberinjuryand/orinflammation was not present
rhage (Fig.2 and 3).The lesionstypicalof animals in the mevalonate-supplemented Groups M and IV.

dying 3-4 days afterparturitionor laterwere charac- Likewise,inthesurvivingGroup V and VI (fluvastatin

terizedby widespread cytoplasmicvacuolar changes in at 12 and 24 mg/kg/day) animals, myocardial lesions

the myofibers,i.e.,the occurrenceof largeand small were not detected.
clearlydefinedround empty vacuoles(Fig.4 and 5).
Occasionally these were accompanied by a sarcolem-

DISCUSSIONmal response and inflammatory cellinfiltrates,which
suggested a myofiber proliferativeor reparativere- The maternal toxiceffectsinduced by fluvastatinre-
sponse to the inductionofthe myocardial injury. ported herein had been encountered in two previous
Cardiomyopathy was not present in the spontane- studiesat similar dose levels,and consistedofmater-

ously dying animals which had been given a lower dose nal mortalityat deliveryand during the postpartum
(12 mgtkglday)offluvastatinalone.All animals dying period (Table 6). Microscopic evidence of associated
in the 24 mg/kg/day fluvastatingroup had cardiacle- myocardial lesionswas detectedinthe follow-upstudy.
sions.These lesionswere consideredrelated to the An increasein stillbornpups was observed with no
cause of death in these animals. evidenceof earlierin utero fetalmortality,suggesting

Terminal sacrificeanimals
a toxiceffecton the dam-qinunediatelypriorto,or dur-
ing,parturition.The absorptionand dispositionofflu-

The only treatment-relatedeffectnoted occurred in vastatinhave been studied in nonpregnant rats(Tseet
allthe groups which receivedfluvastatin.Most ofthe al.,'90)and in pregnant and lactatingrats,and in
animals in Group 111(14out of19),Group IV (17out of sucklingpups (A.Schweitzer,unpublished data).In all

18),Group V (14 oiitof 17),and Group VI (11out of12) casesfluvastatinwas rapidlyeliminatedwith littleor

had varying degrees offorestomach thickening.No ev- no accumulation in the tissues.Limited placental

idence ofthis effectwas detectedin Group H (meval- transferresultedin very low levelsin embryos or fe-
onicacid alone)or the controls.In Groups IIIand rV, tuses.Fluvastatinwas detectedin maternal milk and

supplementation with mevalonate did not influence subsequently at measurable levelsin suckling pups.
theincidenceoffluvastatin-inducedforestomach thick- However, the neonatal mortality observed soon after
ening. parturition,as wellas during thelactationperiod,may
Microscopically,the forestomach thickening was be a reflectionof adverse effectsrelativeto deficient

characterizedby epithelialhyperplasia/hyperkeratosis maternal lactationand lack oflittercare as influenced
in allgroups which receivedfluvastatin,including by maternal toxicity.
those receivingthe mevalonic acid supplementation. The resultsindicatethatfluvastatin-inducedmater-
No evidence of ulcerationaccompanied these hyper- naland neonatal mortalitycould be completelyblocked
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and/oramelioratedkv coadministrationofmevalonic Itwould notbe unexpected,therefore.thatinhibitionof
acid.Adverse effectson maternal body weight were thiscriticalenzyme would influenceordisturbthedv.
nonexistentwith mevalonic acidsupplementedfluvas- namic eventsoccurringin lategestationand at part'u-
tatinat 12 mg/kg/day and markedly improved at 24 rition.The datafrom Groups IIIand IV clearlyindicate
mg/kgtday, although food consumption remained thatmevalonate supplementationpreventsmortality
slightlydecreasedat 24 mg/kg/day despitesupplemen- and the development of heart lesions.Itisnot clear
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